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General relations for the analysis of autodyne and modulation characteristics are obtained in the form of differential equations 
with the retarded argument. Solutions for characteristics of frequency response of autodyne variations of the oscillation ampli-
tude and phase as well as the auto-detecting signal of UHF oscillator under influence of the proper reflected radiation are de-
rived. The solution of the same equation system is given for frequency responses of the modulation deepness of oscillation 
amplitude and frequency as well as the auto-detecting signal in the case of the reflection factor modulation by the high-
frequency signal. Calculations of autodyne and modulation characteristics are fulfilled at different values of inherent parame-
ters of UHF oscillators. Non-isochronous and non-isodromous properties of autodyne oscillators are investigated. Phenomena 
of frequency auto-detecting are considered. A method for dynamic properties determination is substantiated according to its 
modulation characteristics at the oscillation amplitude registration. The results of theoretical analysis are confirmed by experi-
mental data obtained on the example of hybrid-integrated oscillator of 8mm-range on the Gunn diode. 
 
 
Introduction 
 
For normal operation of autodyne short-range radar 
systems intended for registration of high-speed proc-
esses, the autodyne oscillators used in them should have 
the sufficient margin on dynamic characteristics [1─3]. 
Experimental investigation of these characteristics in 
full-scale or modeling conditions is connected with 
large material expenses, complexity and bulky equip-
ment [4]. To simplify and essentially accelerate the 
manufacture process and ensure the achievement of re-
quired performance by simpler and cheaper means, the 
real radar objects are often replaced by their electrody-
namics prototypes [5─7]. The most efficient techniques 
for these investigations in laboratory conditions are 
based on the usage of signal equivalents realizing by 
different methods. 
A method of modulation characteristics is the simple 
way to determine the autodyne characteristics by ex-
perimental data as compared to other approaches based 
on determination of autodyne characteristics [7─9]. 
This method allows determining the frequency response 
of the oscillator modulation capability for fixed value of 
the modulating parameter (modulus of the reflection 
factor) at high values of the modulation frequency. Us-
ing this function, one can obtain the time constant of the 
autodyne response, which is the main parameter for the 
determination of dynamic properties of the oscillator 
[10, 11]. 
At substantiation of this method in [8], the relation 
between coefficients of autodyne amplification and the 
amplitude modulation capability of the non-isochronous 
oscillator has been obtained. However, modulation cha-
racteristics of the oscillation frequency and the auto-
detecting signal of the non-isodromous autodyne re-
main unstudied in the known publications although they 
can have the practical interest. 
In the present paper, the general approach to the au-
todyne analysis is developed for the case when the high 
modulation frequency in oscillators is carried out by 
means of variation of the reflection factor modulus. The 
relations between their autodyne and modulation pa-
rameters and characteristics are obtained. This approach 
allows consideration of not only non-isochronous but 
also non-isodromous properties of UHF oscillators and 
the phenomenon of the frequency auto-detection signal 
[6]. 
In conclusion of the paper, we present results of ex-
perimental studies of the hybrid-integrated modules of 
8mm-range fulfilled on the basis of planar two-mesa 
Gunn diodes, which are described in [12] devoted to the 
analysis of the alternative beating method. 
 
Main equations of the autodyne 
 
The functional circuit of the simplest radar, which 
has an autodyne UHF oscillator AO directly connected 
with an antenna A through the impedance transformer 
TI without any decoupling elements, is presented in Fig. 
1a. The operating bias for the active element AE of AO 
is supplied from the power source ps  through the reg-
istration block BR. Electromagnetic oscillations gener-
ated in UHF oscillator AO are radiated by the receive-
Е
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transmit antenna А in direction of the reflecting object 
RO. Reflected radiation returns through the antenna A 
in the oscillator AO causing the autodyne effect. 
 
 
                  (a)                                                      (b) 
 
Fig. 1. Functional (a) and equivalent (b) circuits of the single- 
circuit autodyne. 
 
As a result, arising autodyne variations of average 
current or voltage in the AE power circuit of AO are 
transformed to the output signal voltage  (auto-
detecting signal) [13] by means of the simplest auto-
bias circuit of the special circuit of BR. In some con-
structions of the autodyne radar, the useful signal is ex-
tracted by the additional circuit, which transforms the 
autodyne variations of amplitude or frequency into the 
output signal voltage  (the signal of external detec-
tion) [14]. 
0u
1u
The equivalent circuit of the autodyne UHF oscilla-
tor is shown in Fig. 1b. In this high-frequency circuit, 
the oscillatory system is presented by frequency de-
pendent conductance ;  repre-
sents the load conductance of AO and its variations 
caused by influence of the reflected radiation, which is 
delayed on the propagation time  to the reflect-
ing object RO and back, where l  is the distance to the 
object;  is the propagation velocity of electromagnetic 
radiation. 
( )os osY Y 
 
( , )L LY Y t
2 /l c


c
The electronic conductance of AE  av-
eraged over the oscillation period in the general case 
depends on the amplitude  and the frequency 
( , )e eY Y A
A   of 
oscillations. Such dependence is typical for UHF oscil-
lators implemented on AE with hysteresis caused by the 
phenomenon of main carrier’s delay in the interaction 
space with the resonator field. 
Assume that oscillations in AE are quasi-harmonic 
ones: 0 , where ( ) Re[ exp ( )]u t A j t    ( )A A t , 
 are slowly changing amplitude and phase in 
the current time moment . Then, the balance equation 
for complex admittance of the circuit shown in Fig. 1b 
in accordance with the general theory of UHF oscilla-
tors [15] has the form: 
(t   )
t
 
( , ) ( ) ( , ) 0e os rLY A Y Y t      ,                 (1) 
 
where  is the load conductance reduced 
to the AE plane;  denotes the transfer coefficient of 
the impedance transformer TI. 
( , )rL L tiY t Y k 
tik
In the case of autodyne functioning in conditions, 
when the amplitude of natural oscillations  essen-
tially exceeds the amplitude of returned oscillations 
from the object (from system pre-history) 
( )A t
( ,A t )  , so 
that the following condition is fulfilled , where 1 
  is the coefficient characterizing the radiation damp-
ing at its propagation to the object and back, the equa-
tion for ( , )rLY t   in (1) can be represented in the form: 
 
( , ) ( , )rL rL rLY t G Y t     ,                    (2) 
 
where ( , ) – ( , ) j ( , )rL rL rLY t G t B t       
( , ) 2 ( , )cos ( , )rLG t t
 is the vary-
ing part of the reduced to the AE plane complex load 
conductance caused by the action of the reflected wave; 
rLG t       rLB t
)sin ( , )t t
, rL  ( , ) 2G   
( , 
( , )
 
[ ( , )/ ( )]t A t A t
 are its active and reactive components; 
     ( , ) ( ) – (t t, , )t    
( )t
  denote 
the modulus and the phase of the instantaneous reflec-
tion factor;  , ( ,τ)t  are the total oscillation phase 
in the current time moment  and in the moment t
( – )t  , respectively. For the steady-state mode of the 
autonomous oscillator, when , , 0    0 0A A , it 
follows from (1): 
 
0 0 0( , ) ( ) 0e os rLY A Y G     .                 (3) 
 
In the equation (1), the oscillation amplitude can be 
presented as 0A A A  
0
, where  are the autodyne 
variations of the amplitude, at that, 0 . The phe-
nomenon of auto-detecting of the autodyne response at 
fixed bias 
A
A A 
E E  consists in autodyne variations of the 
average value of the current  of AE. Ex-
traction of these variations with regard to the quiescent 
point 0
(e eI I , )A 
0 0( , )e e AI I 
A
 and the linear detection of ampli-
tude variations   ensure the possibility to obtain the 
output signals 0 it eu Z I 
( , ) – (e e eI I A I
 and  (see Fig. 1a), 
where 
1
0 )
du k A
0 ,A    ; itZ  is the impedance 
of transformation of current variations into the voltage 
of BR;  denotes the transfer function of the detector. d
Following the Kurokawa method [15], for perturbed 
oscillator, when in (2) 
k
0  , we should replace   in 
the expression for  in equation (1) by ( )osY 
)dt0 (1 ) – (1/ )( /j A dA  
/
, where 0  
0
(1/ )(    / )d dt
  
( )t
 defines the relative autodyne variations of the 
frequency. Taking into consideration the slowness of 
functions   and , we may assume that ( )A t /d dt  
and  are reasonably small compared with (1/ )( / )A dA dt
0 . Assuming the linearity of functions ( ,G A )e  , 
( , )eB A   and ( , )eI A   versus oscillation amplitude  
and frequency 
A
 , expressions for  and ( )osY  )e ( ,Y A   
in (1) as well as ( ,eI A )  can be expanded in the Taylor 
series. Limiting at that by two first terms, we obtain: 
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0
0
( ) 1( ) ( ) + osos os
Y d dY Y j
dt A dt
          
A  ;   (4) 
 
0 0( , ) ( , ) +e eY A Y A    
 
0 0
( , ) ( , )+ +e eY A Y AA
A
               ;           (5) 
 
0 0 0( , ) ( , )e eI A I A     
 
0 0
( , ) ( , )e eI A I AA
A
                 ,          (6) 
 
where the index “0” near large parenthesis denotes that 
the partial derivatives are taken in the vicinity of the 
stationary point. 
Substituting (4), (5) in (1), taking into account (2), 
(3) and excluding variables of the second order of 
smallness, we obtain the equation, from which we can 
extract the real and imaginary parts. After elementary 
transformations, taking into consideration expansions 
(4)─(6), we obtain the system of linearized differential 
equations with retarded argument for relative variations 
of the amplitude 1 0  and the frequency 
 of oscillations as well as the phase of the in-
stantaneous reflection factor  and relative current 
value  of AE: 
/a A A 
( ,t
0
0/   
 
τ)
0 /e ei I I
 
11 1
11 1 11
0
+ ( , ) cos ( , )da a t
dt
           t
t
;        (7) 
 
11 1 11 ( , ) sin ( , )a t          ;               (8) 
 
( , ) Ψ( ) – Ψ( , )t t t    ;                      (9) 
 
0 01 1 01i a     ,                        (10) 
 
where 01 0 0 0  denotes the dimen-
sionless parameter considering the auto-detecting phe-
nomenon for oscillation amplitude variations; 
01 0 0 0  is the parameter of “frequency 
detection” defining the contribution of the frequency 
variations into variations of the power source current of 
AE; 11 0 0  is the reduced slope of the 
oscillator increment specifying the regeneration degree 
and the solidity of its limit cycle; 11 os e   is the 
parameter defining the oscillator non-isodromous prop-
erties and taking into account influence of frequency 
variations on the oscillation amplitude through varia-
tions of active conductance parameters of oscillatory 
system 0  and the electronic 
conductance of AE 0 0 ; 11
( / )( / )e eA I I A   
( / )( / )e eI I  
( /2 )( / )eA G G A   
( /2 )( /os osG G    
( /  
 
  
0
)( / )e eG G 
)
2    
0 0  is the parameter defining the oscil-
lator non-isochronous properties; 11 os e   is the 
parameter of frequency stabilization considering the 
frequency slope of reactive conductances of the oscilla-
tory system 0 0
( / 2 )( / )eA G B A    
( /2 )( / )os osG B      and AE e   
0 0( /2 )(G B / )e  
Q
 , which can be presented as the 
loaded Q-factor of single circuit oscillatory system 
os L   and the Q-factor of the “electronic” conduc-
tance of AE e eQ  , respectively; rL /G G    
/L exQ Q  is the efficiency of the oscillatory system; 
ex  is its external Q-factor; os rL  is the load 
conductance taking into account the reduced load. 
Q
os
G G 
0
G
In the case of the single circuit oscillatory system, 
for which   11, the parameter  is mainly defined 
by the frequency slope of the active conductance of AE 
11 e   . Usually this parameter is comparably small in 
oscillators of the centimeter wavelength range, and we 
can neglect it in the system (7)─(10). However, in os-
cillators of the millimeter range and especially in oscil-
lators stabilized by the additional external cavity [16], 
the consideration of the parameter  as well as the pa-
rameter of frequency detection  is necessary for 
adequate description of autodyne and modulation char-
acteristics. Moreover, due to the inequality 
11
01
os e    
fulfillment for the real UHF oscillators, we assume fur-
ther that 11 LQ  . 
It can be seen from equations (7)─(10) that the main 
inertia property of the autodyne system is connected 
with oscillation amplitude variations. Combining equa-
tions (7), (8) at excluding of variable , we have:  
 
2
01da
dt 1 1
) ]t
1+
cos[ ( ,
a L
 1
Q
( , )a t    
n ( )
   ,  (11) 
 
where 1 arcta    is the angle of the phase shift of 
autodyne amplitude variations; 11/QL  
a
 is the non-
isochronous property coefficient;  is the characteris-
tic time constant (relaxation time of the amplitude) of 
the autodyne response defined by the relation: 
 
11
a 
0
Q
(1 )
L
    .                        (12) 
 
In contrast to formulas obtained in [10, 11], the rela-
tion (12) takes into account the coefficients of non-
isochronous 11 11/    and non-isodromous   proper-ties of UHF oscillators. The time constant of the auto-
dyne response a  is the main parameter determining 
properties of dynamic characteristics of the autodyne 
oscillator. 
 
Dynamic characteristics of autodyne oscillators 
 
In the 
the m
most p ses
n
ractical ca
the small sig
, the autody
al, when the distortion pa-
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1
 

 
0
 
where are coefficients of 
ation frequency deviation and
-de cti : 
eter 1ap  . Under these conditions, if the period 
2 /D DT     of the Doppler signal is much more than 
the delay time of reflected radiation DT   , we may 
) ( , ) t    , ( , ) Dt t    , and examine 
the stationary (smooth) processes of oscillation parame-
ter variations. T v  of equations 
(7)─(10), we obtain expressions describing the ampli-
tude and phase relations between relative quasi-
harmonic in time variations of the amplitude 1( )a t  and 
the frequency ( )t  of oscillations as well as the current 
0 ( )i t  of AE: 
 
1 1( cos( )a t K K t  ;              (13) 
put in (7)─(9
hen, by sol ing the system
) a D  
( ) sin( + )a a Dt L L t     ;               (14) 
0 0 0( ) cos( Di t K K t    ) ,             (15) 
aK , aL , 
plification, the oscill
0K  the autodyne 
 am
the auto te on
 
2
K
11
11
1a
     ;                      (16) 
 
211
1a L
L
Q
     ;                       (17) 
 
2 010
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1
1
1
fd
dK
       ,               (18) 
 are the normalized (with
) frequency-dependent compo-
 
1K  , 
nents
aL 
f co
, 0K 
ffici
 respect to ei-
genvalues at  0D 
 o e ents of the autodyne amplification, the 
frequency deviation and the auto-detection, respec-
tively: 
 
1 2 2
1
1
1 (1 )cos
Dr
Dr
K 


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;              (19) 
 
2
2 2
1 +(1 )
1 (1 )cos
Dr Dr
a
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L 

    
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0 2 2
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1 (1 )cos
Dr
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K 


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;             (21) 
,  are frequency-dependent angles of t
f autodyne variations of the amplitude and 
the frequency a
 
1 ,  0 he 
phase shifts o
s well as the auto-detection signal, re-
spectively: 
 
1 arctan[( )/(1 )]Dr Dr     ;         (22) 
 
2
(1 )arctan
1 +(1 )
Dr
Dr Dr

         ;          (23) 
0 arctan{[ (1 )fd fd D r            
 
;      (24) 2(1 ) ]/(1 )(1 )}fd Dr fd Dr        
 
Dr D а  
response; fd
 is normalized frequency of the autodyne 
01 11 01 11/       is the coefficient of fre-
quency detec
f 
tion of autodyne frequency variations into 
variation o the average values of the AE current; 
[( )/(1 )]d fd fd         is the coefficient of ampli-
tude-frequency displacement of the auto-detection sig-
nal of non-isodromous ( 0  ) and non-isochronous 
( 0  ) oscillator. 
Obtained equations (19)─(24) have the reasonably 
complicate form, therefore, ulfill their analysis with 
at
 we f
traction of numerical methods. Fig. 2 shows the fre-
quency dependences of autodyne characteristics and 
angles of its phase shifts calculated by formulas 
(19)─(24) at 1.2  ; –0.5fd   for different values of  : –0.5   (curves 1); 0   (curves 2); 0.5   
(curves 3). 
The frequency dependence of the coefficient 1K   
shown in Fi . 2а is the sym c function with  
to 
g metri  regard
0D  . Its view reminds the amplitude-freque  
characteristic of the oscillatory circuit, and it does not 
depend upon coefficients   and  . At that, the angle of 
phase shift 1
ncy
  is determined by non-isodromous 
property ( 0  ) causing its displacement along the or-
dinate axis. 
In contrast to the frequency dependence of 1K  , the 
function aL   shown in Fig. 2b under condition 0   is 
not symmetric one with regard to 0D  , an as a 
dispersion form in the vicinity of this frequenc The 
view of this function is substantially determined by the 
values and the signs of non-isochronous   and non-
isodromous 
d h
y. 
  coefficients. In the case of the isochro-
nous oscillator only ( 0  ), the autodyne frequency 
deviation does not depend upon the frequency D  as 
shown by the curve 4 in Fig. 2b. 
The analysis of calculated characteristics aL   
showed that two main factors influence the value
tod
 of au-
tedyne frequency deviation. The first one is connec  
with the impact of reflected radiation, and it is determi-
native. The second one is caused by transformation of 
autodyne amplitude variations 1( )a t  into variations of 
oscillation frequency due to non-isochronous property. 
If these factors are added in-phase and the frequency 
D  grows with the same sign, the autodyne deviation 
increases. Otherwise, in the case of anti-phase combina-
t , if the frequency Dion   grows with another sign, the 
autodyne deviation decreases. These circumstances de-
fine the physical sense of the frequency dispersion phe-
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nomena of frequency deviation, which was discovered 
for non-isochronous oscillators in [17]. In the consid-
ered case of the non-isodromous oscillator ( 0  ), the 
component caused by its non-isochronous property is 
determined by another additional factor, which is con-
nected with the presence of the inherent feedback in the 
oscillator [6]. 
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Fig. 2. Diagrams of normalized coefficients of the frequency 
nctions fu 1K   (а),  (b),  aL  0K   (c) and phase shift angles а), ), ). 1  (    (b 0  (c
 
The frequency function 0K   shown in Fig. 2c has 
some asy metry of the characteristic, which is con-m
ency detection nected with the phenomenon of frequ
0(  0fd  ). The phase shift  of the autodyne re-
sponse has also the complicate dependence versus the 
frequency D . When signs of coefficients   and fd  
changes, functions 0  become similar to characteris-
tics 1 . Their differences consist in the presence of 
additional se shifts along the ordinate a is due  
From equation ( under condition 1/21 1/2K   , 
one can define the boundary value lim  of the autodyne 
signal frequency: 
 
pha x  to
frequency detection. 
19) 
2
011 0
lim
1(1 )1
a L a exQ K Q
        .       (25) 
 
Using (25) and takin

g into account the formula for 
the Doppler frequency 02 /D r c    , where r  is the 
elocity of radial component of the ative v
short-range radar, we obtain 
the
movement rel
the reflecting object and 
 limitation on this velocity: 
 
2
11
lim
1(1 )
2 2L a ex
ccv
Q K Q
       .           (26) 
 
The limiting velocity  obtained blimv
illation frequency
rent parameters of the autod
 include
y (26) does not 
depend on the osc  and is deter-
mined by inhe y
 and d in the second part of 
for
 0
ne. At that, 
the values of a ex
mula (26) can be easily measured whereas the value 
of 
K Q
  is sufficiently small and can be neglected. It im-
plies that excessive growth of the autodyne amplifica-
tion coefficien aK  and the external Q-factor exQ  can 
lead to signal limitation in the autodyne at high velocity 
r
t 
  of movement. For example, the limiting velocity 
limv  obtained by (26) at values 1000aK   and 
200exQ   is lim 750v   m/s. Therefore, the mentioned 
characteristics should be taken into account at choosing 
 oscillator type for the autodyne short-range radar 
 its operation mode. This example at for 
tion of autodyne dynamic char-
acteristics, it is suitable to use indirect methods based, 
as we already noted, on examination of modulation cha-
racteristics. 
 
Modulation characteristics of oscillators in the case 
of reflection factor modulation 
 
The time
the
and  shows th
experimental determina
 constant of the autodyne response usually 
m
These char  the usual 
ex
can be determined experimentally according to 
odulation characteristics of UHF oscillator [7, 8]. 
acteristics can be investigated on
perimental bench for studying autodynes, in which 
the electromechanical imitator of the Doppler signal is 
replaced by the pin-diode modulator operating on the 
reflection. At that, the operating point on the pin-diode 
characteristic is chosen in the middle of the linear part 
of the opening bias. At the supply on the pin-diode of 
the harmonic signal with small amplitude with 
modulation frequency M , these conditions provide 
reflection factor variations according to the law:  
 
t0Г( ) Г( ) (1 sin )Mt m      ,              (27) 
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where 0  is the average value of the reflection factor; 
m  is its modulation ind
As can be seen from explication of (2) accord
ex. 
ing to 
 and reactive this case, the active ( )rLG  ( )rLB   
fluencing the components of the load ations in
res y on time 
ini
 vari
 onl
oscillation amplitude an frequency variations, 
pectively, will depend not t , but on the 
tial phase 0  of reflection factor: 
 
0( ) ( , ) rL rLG G t       
 
0 0 0 0–2 cos – 2 cos sinrL rL MG G m t      ;    (28) 
 
0( ) ( , )rL rLB B t       
 
0 0 0 02 sin 2 sin sinrL rL MG G m       t .      (29) 
 
First terms in (28), (29) have the sense of so
components depending on the phase  only. Th
in  times more than the components 
 the second terms. ause 
ne variations of the amplitude and the frequency 
as 
where  are the
of the auto y first
(29): 
 
 are alternating compon
d defined by second terms in 
(28), (29):  
 
M

 are the normalized (with regard 
) frequency-dependent co
modulation transforma
variations of oscillation amplitude and frequen
ell s to t
me DC 
ey are 0
 alternating 
Bec
t :
m
presented by
y
( 
of this, 
autod
well as the AE current become also dependent on 
both the phase 0  and time  1 1 0( , )a a t  ; 
0 , )t  ; 0 0 0( , )i i t  . The solution of the system 
(7), (8), (10) with consideration (27)─(29) for this case 
gives the following expressions for components of the 
autodyne response under investigation: 
 
10 0 1( ) ( )a t   ;                   (30) 
 
0 0 0( , ) ( ) ( )t t       ;                    (31) 
 
0 0 00 0 0( , ) ( ) ( )i t i i t     ,                   (32) 
1 0( , )a t a 
 
10 0( )a 
d
, 0 0( ) 
yne response caused b
, 00 0( )i   DC components 
 terms in (28), 
10 0 0 0 1( ) cos(aa K     ) ;                (33) 
 
0 0 0 0( )a    ;                 (34) 
 
i K     ;                (35) 
( ) sinL  
00 0 0 0 0 0( ) cos( )
 
1( )a t , 
the m
( )t , 0 ( )i t
odulation process an
ents caused by 
 
1 0 1 0 1 1( ) cos( )cos(aa t m K K     
 
)t  ; (36) 
0 0sin( + ) cos( )a ML L t         ;     (37) 
 
0 0( ) cos( ) cos( )i t m K K t      ; (38) 
( )t m 
0 0 0 0 0M 
 
1K  , L , 
eigenvalues for 
0K 
nents of coefficients of 
to the 
mpo-0M 
tion into 
cy as 
w  a in he AE bias circuit (the auto-detection 
signal): 
 
2
1 1 1 MrK     ;                       (39) 
 
2
0 0cos [1+(1 ) ]sinMrL 2
0 0( cos sin )(1 )cosMr       
 
       ;      (40) 
2 2 11 ]d

0 [(1 )(1 )Mr fdK           
2 2
0 0 0in{ 1 cos( ) [1+(1 ) ]sfd Mr        
0
   
 
0 0 0cos } / cos( )cosfd       ;          (41) 
 
1 ,  , 0  are frequency-dependent angles of the 
odulation variations of amplitude, fre-
y, and the auto-detection signal, respectively
 
phase shift of m
quenc :  
1 arctan Mr   ;                         (42) 
 
0 0
2
0 0
(cos sin )arctan
cos [1+(1 ) ]sin
Mr
Mr

             ;    (43) 
 
2) 10 arctan[ (1Mr fd    
 
    
2 2
0 0cos( ) / { [1+(1 ) 1fd Mr            
 
0 0 0 0cos( ) cos ]sin }]fd        ;          (44) 
 
Mr M a  
As can be s
 is the normalized modulation frequency. 
een from (30)─(32), the oscillator re-
mponents on the modulation of the reflection
factor contain the DC components in it
sponse co  
s structure: 
10 0a ( ) , 0 ( 0 )  , 00 0( )i   depending, as follows from 
(33)─(35), on the reflection factor phase 0 , values of 
initial phases 1 ,  , 0  caused by inherent properties 
of the oscillator, and also alternating components: 
( )a t , 1( )a t , ( )t0  . As follows from (36)─(38), ampli-
tude values of the last components depend on the value 
of the modulation index m , the phase shift 0 , the 
value of initial phases 1 ,  , 0  and the modulation 
frequency Mr . The product of normalized coefficients 
1K  , L , 0K   and trigonometric functions included in 
these equations gives the appropriate functions of nor-
malized amplitudes of the modulation deepness versus 
the phase 0  of the reflection factor: 1 1k K    
cos( –0 1)   0sin( )l L ;     ; 0 0 0cos( –k K    
0– ) . Graphs of these functions are shown in Fig. 3. 
As can be seen from the obtained graphs, “zeros” of 
the modulation deepness and its maximums are ob-
served for different values of the reflection factor phase 
0 . Therefore, for experimental determination of the 
required characteristics, it is necessary to choose the 
appropriate phase 0 . 
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So, to examine the characteristic 1K  , it is necessary 
satisfy the condition 0 1   ; for determination of 
L , it is required 0 /2     ; to define 0K  , we need 
to select the phase 0
ate positions of the short-circuit piston i
to 
appropri-0 . At that, by   fixing 
n the waveguide 
path, it is possible to determine these shift angles 1 , 
 and 0  exp  The accur cy of these 
measurements is higher if we register zeros instead of 
maximums of modulation. 
 
 erimentally. a
k 1
Г, 
l Г,
 k
0Г
 
Fig. 3. Graphs of normalized amplitudes of modulation 
signals of the amplitude  (curve 1), the frequency 1k   l  
e (curve 2) and auto-detecti gnal  (curve 3) versus th
normalized phase  of the ction factor. 
 
on si
/2
 0k 
refe0r  
Let us rewrite equations (40) and (43) for the case 
when the reflection factor phase 0 /2     , and (41), 
(44) when it is equal to 0 : 
 
2 2
2 2(1 )(1 )cos
(1+ )+(1 ) Mr
Mr
L       ;                (45) 
 

   
2
0 1 { [1d fdK       +(1 ) ] } / (1Mr d        
 
2 2 2 2
0) cos) 1 (1 ) (Mr d fd fd          
 
 ; (46) 
2 2arctan{ ( ) / [1+ +(1 ) ]}Mr M          
 
r ; (47) 
0 2
(1 )(1 )
arctan
1 { [1+(1 )
Mr fd d
d fd Mr d

               ] }
Since the equations (39)─(48) have sufficient
plicate form, we use the numerical method for their 
analysis. 
The modulation characteristic of variations of oscil-
at
.(48) 
 
 com-
l ion amplitude 1K   has the simplest form similar to 
the characteristic of oscillatory circuit. Fig. 4 shows the 
coefficient  and its phase characteristics 1K  1  calcu-
lated by formulas (39) and (42). Comparing curves pre-
sented in Fig. 4 and Fig. 2a, we see that characteristics 
for modulus of coefficients 1K   and 1K   completely 
coincide. 
 
K 1
Г ψ 1Г
 
 
Fig. 4. Graphs of frequency responses of zed transfer 
functions of amplitude modulation
normali
 1K   and its angles of the 
phase shift 1 . 
 
In these figures, the difference between phase char-
cteristics a 1  and 1  is observed. These characteris-
pro
be  that in the case of reflection 
fac
tics reflect the permanent phase shifts of the autodyne 
response depending on inherent perties of the oscil-
lator. It sh d oul noted
on 
tor modulation, such dependences are absent. The 
boundary frequency the level 0.707 with respect to 
modulation deepness maximum is determined by the 
autodyne response time constant lim 1/ a    and is 
connected with inherent parameters of the oscillator ac-
cording to (12). 
 
L Г θ Г
 
(a) 
 
L Г θ Г
 
(b) 
 
Fig. 5. Graphs of frequency responses of normalized coeffi-
cients of modulation frequency deviation  and angles of 
the phase shift
L
   calculated at 1.2   for different values 
of reflection factor phases 0  (a ves 
1); 
): 0 ar  ctan – 0.3  (cur
0 arctan    (c
ochron
urves ves 3) 
nd ous p
2)
rop
; 0 arctan
 coeffici
0.
nt 
3  (cu
e
r
a  the non-is erty   (b): –0.5   
(curves 1); 0   (curves 2); 1.2   (curve ). s 3
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In contrast to characteristics of the autodyne fre-
quency deviation L  shown in Fig. 2b characteristics 
of the frequency modulation e symmetric func-
tions of the frequency 
, 
arL  
Mr  in th (40), 
(45). Graphs of the frequency responses of the 
( )
 accordance wi
MrL L   modulus and the phase ( )  Mr      
are presented in Fig. 5. Curves in Fig. 5а are obtained 
according to (40) and (43) for phase variations 0  of 
the reflection factor, as well as curves in Fig. 5b are car-
ried out by relations (45), (47) for variation of non-
isochronous property coefficient  . As can be seen 
from these graphs, both the sign and the value of non-
isochronous property coefficient  , and the reflection 
factor phase 0  essentially influence the value of fre-
quency modulation as well as the character of this func-
tion at high values of modulation frequency Mr . With 
modulation frequency Mr  growth, the frequency de-
viation may increase (curves 1) or decrease (curves 3) 
for definite values of the phase   and the coefficient 
 . Only in the case of isochronous oscillator, where 
0  , the frequency dependence of L  and 
0
  is ab-
sent as illustrated by curves 2 in Fig. 5b. 
 
K
0Г ψ 0Г
 
(a) 
 
K 0
Г ψ 0Г
 
(b) 
 
Fig. 6. Graphs of frequency responses of normalized transfer 
coefficients of modulation into the auto-detecting circuit of 
AE 0K 
1.2
 and angles of the phase shift  calculated for 0   and different values of the reflect or phase ion fact 0  
an  
ues 
( 0fd 
rves 2
fre
.
); 
quency
4)  (a):  (cur
3
0 arctan – 0.8  
arctan 1.7  
 detection coefficient 
ves 1); 
) and di
0 arct 
fferen(cu
f 
0  (curves t val
o fd fd  (b): 0.5    
(curves 1); 0fd   (curves 2); 0.2fd   (curves 3). 
 
The analysis of equations (45) and (47) shows that 
the oundary frequency limb   of the function 
( )Mr  on level 0.707 from the maximal value 
depends on and  . To provide the damp-
ing characteristics of ( )
 coefficients   
L L  
MrL  , it is necessa l 
the conditi 1
ry to fulfil
on x 
se
, where 2 2) /2(1 –x (1
cy 
)  . Un-
de
dyne respon
r this condition, the value of the normalized (with re-
spect to the boundary frequen lim limr a   ) auto-
 can be calculated by the formula: 
1/2
lim [( 1)/( –1)]r x x   Using this formula at values 
1.2   and –0.2
. 
  , we obtain lim 1.55r  . 
Graphs of t nctions o ignal 
coefficients module 0K
he fu f the auto-detection s
  and their phase characteristics 
0  versus the frequency Mr  o impact 
calculated according to (41) and (44) for different phas-
f modulation 
es 0  of the o
similar
var
reflecti
s calcu
n factor are shown in Fig. 6а. The 
 graph lated according to (46) and (48) at 
iations of the frequency detection coefficient fd  are 
presented in Fig. 6b ese graphs show that in this 
, as in the case of modulation of the oscillation fre-
quency considered above, with frequency 
. Th
case
Mr  growth, 
the odulation value of the auto-detection signal can 
increase (curves 3) or decrease (curves 1 and 2) at defi-
nite values of mentioned parameters 0  and 
 m
fd . When 
the frequency detection phenomenon is absent 
( 0)fd  , the form of characteristics 0K   and 0  
completely coincides with one of characteristics 1K   
and 1  as illustrated in Fig. 4. 
The analysis of modulation characteristics calculated 
at oscillator reflection factor modulation shows that the 
characteristic of amplitude modulation coincides with 
t yne amplitude characteristics an an be u ed 
for determination of the time constant of the autod  
response. The behavior of other characteristics t  
gre
he autod
me
d c s
yne
o a
at extent depends on inherent oscillator parameters 
and the phase of the reflection factor. Therefore, they 
cannot be used for this purpose. 
It is interesting to compare the method of experi-
mental estimation of the time constant of the autodyne 
response by modulation characteristics under considera-
tion with the beating method based on application of the 
signal from the measuring oscillator [12]. The oscillator 
module “Tigel-08” implemented on the planar two-
sa Gunn diode of 8mm-range [16] by the hybrid-
integrated technology was used as the object under in-
vestigation. The autodyne characteristics were studied 
in the frequency / 2M   range from 10 to 300 MHz.  
The boundary frequency lim / 2   of autodyne cha-
racteristics on the level 0.707 determined by these two 
methods respectively constitute 126 MHz in the first 
case and 164 MHz in the second case. According to 
these frequencies, the values of the relaxation time con-
stant for the amp f studied autodyne oscillator
9
lit
lim 
u
are: 1 / 1а 
de
.26
 o
10
 
 in the first case and 
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o
ulus. At that, such inherent 
the non-isochronous 
perty and the fre-
 
9
lim1 / 1 10а
     in the second case. Insignificant 
discrepancy of obtained values is explained by the 
proper slope of the frequency response by the pin-
modulator having the switching time about 1 ns. To de-
terminate the value of а  by the method of modulation 
characteristics more accurate, it is necessary to use the 
reflec dulators having essentially 
an the measuring time constant of 
the autodyne response. 
 
Conclusion 
 
Based on the general approach to the autodyne 
analysis, the formation of their dynamic autodyne and 
modulation characteristics has been considered. These 
characteristics were obtained by using the variation of 
the reflection factor m

tion factor m
less switching time th
roperties of UHF o
property, the non-is
que
odulus m
od
13─17, 2010. ─ Sevastopol: Weber, 2010. ─ Vol. 2. ─ P. 
1065─1068.  
4. Page C. H., Astin A. V. Survey of proximity fuze de-
velopment // American Journal of Physics. ─ 1947. ─ V
p scillators as 
odromous pro
ncy detection were taking into consideration. It is 
proved that under condition of fast reflector movement 
the inertia property of oscillation amplitude variations 
affects the frequency function of amplitudes of auto-
dyne and modulation characteristics as well as addi-
tional phase shifts of the autodyne response compo-
nents. Influence of these inherent properties on the 
shape of the autodyne response at high speeds is dem-
onstrated under conditions of high values of the distor-
tion parameter commensurable with unity. 
The analysis of autodyne and modulation character-
istics showed that the only characteristic of oscillation 
amplitude modulation coincides with the autodyne am-
plitude characteristic and can be used for determination 
of the time constant of the autodyne response. The be-
havior of frequency and auto-detection characteristics to 
a great extent depends on inherent oscillator parameters
and the phase of the reflection factor. Therefore, they 
cannot be used for the determination of the autodyne re-
sponse time constant. 
Obtained results can be applied at determination of 
the time response of the autodyne UHF oscillator on the 
influence of reflected radiation. They are also useful for 
solution of optimal signal processing problems in vari-
ous short-range radar systems. 
 
References 
 
1. Rocket F. Proximity fuze // Electronics. ─ 1945. ─ N. 
11. ─ P. 110─111. 
2. Hunton R. D., Miller B. J. Generator-powered prox-
imity fuze // Electronics. ─ 1945. ─ N. 12. ─ P. 98─103. 
3. Zakarlyuk N. M., Noskov V. Ya., Smolskiy S. M. On-
board autodyne velocity sensors for aeroballistic inspections 
// Proceedings of 20t rimean Conference h International C
“Microwave & Telecom chnology”, September 
ol. 
15,
ristic dependence on the UHF oscillator’s in-
her
oskov V. Ya., Smolskiy S. M. Mod-
ern
uccesses of modern elec-
tro
ysics and quantum electronics. ─ 1981. 
─ V
, 
200
nd peculiarities of the auto-
dyn
e 
bea
14─
munications in Japan. ─ 1975. ─ 
Vo
a., Ignatkov K. A., Smolskiy S. M. The 
im
ol. 43, N. 7. ─ P. 576─581. 
Received in final form October 11, 2012 
 N. 2. ─ P. 95─110. 
5. Lazarus M. J., Pantoja F. P., Somekh M. Nеw moving 
target simulators for Doppler radar // Electronics Letters. ─ 
1981. ─ Vol. 17, N. 1. ─ P. 48─49. 
6. Noskov V. Ya., Ignatkov K. A., Smolskiy S. M. Auto-
dyne characte
ent parameters // Radiotekhnika. ─ 2012. ─ N. 6. ─ P. 
24─42 [in Russian]. 
7. Votoropin S. D., N
 hybrid-integrated autodyne oscillators of microwave and 
millimeter ranges and their application. Part 2. Theoretical 
and experimental investigations // S
nic engineering. ─ 2007. ─ N. 7. ─ P. 3─33 [in Russian]. 
8. Resonance of relaxation oscillations in autodyne oscil-
lators / E. M. Gershenzon, V. M. Kalygina, B. I. Levit, B. N. 
Tumanov // Radioph
ol. 24, N. 8. ─ P. 707─711. 
9. Votoropin S. D., Noskov V. Ya., Smolskiy S. M. Auto-
dyne signal at reflection factor value modulation // Proceed-
ings of 17th International Crimean Conference “Microwave 
& Telecommunication Technology”, September 10─14
7. ─ Sevastopol: Weber, 2007. ─ Vol. 2. ─ P. 748─750. 
10. Berstein I. L. A self-modulated circuit // Radio-
tekhnika. ─ 1946. ─ Vol. 1, N. 9. ─ P. 63─66 [in Russian]. 
11. General characteristics a
e effect in oscillators / E. M. Gershenzon, B. N. Tu-
manov, V. T. Buzykin, at al. // Radio Engineering and Elec-
tronics. ─ 1982. ─ Vol. 27, N. 1. ─ P. 104─112 [in Russian]. 
12. Noskov V. Ya., Ignatkov K. A., Smolskiy S. M. 
Determination of autodyne oscillator parameters by th
ting method // Telecommunication Sciences. ─ 2012. ─ 
Vol. 3, N. 1. ─ P. 35─45. 
13. Noskov V. Ya., Smolskiy S. M. Autodyne signal reg-
istration in a power circuit of the semiconductor diode oscil-
lator in microwave and millimeter ranges (Review) // Tech-
niques and devices of the Microwave. ─ 2009. ─ N. 1. ─ P. 
26 [in Russian]. 
14. Kotani M., Mitsui S., Shirahata K. Load-variation de-
tector characteristics of a detector-diode loaded Gunn oscilla-
tor // Electronics and Com
l. 58-B, N. 5. ─ P. 60─66. 
15. Kurokawa K. Injection locking of microwave solid-
state oscillators // Proceedings of the IEEE. ─ 1973. ─ Vol. 
61, N. 10. ─ P. 1386─1410. 
16. Noskov V. Y
pact of resonator detuning on autodyne characteristics of 
stabilized microwave generators // Radioelectronics and 
Communications Systems. ─ 2011. ─ Vol. 54, N. 11. ─ P. 
625─637. 
17. Votoropin S. D., Noskov V. Ya. EHF autodyne sig-
nals for tracking the parameters of moving objects // Russian 
Physics Journal. ─ 2000. ─ V
 
munication Te
